MICROWAVE DETERMINATIONS OF AVERAGE ELECTRON ENERGIES AND THE FIRST TOWNSEND COEFFICIENT IN HYDROGEN
Solutions for the energy distribution function of electrons in a gas show a very close similarity between the distribution functions under the action of a-c and d-c fields.
This similarity makes it possible to compare quantitatively the first Townsend coefficient of a gas with the a-c ionization coefficient. In addition, it makes possible an experiment to determine the average energy of electrons by measuring the ratio of the diffusion coefficient of electrons, D, to the mobility coefficient, p . The gas in a resonant cavity will break down when the losses of electrons to the walls are replenished by ionization in the body of the gas (1) . When an a-c field is applied, the breakdown depends upon D. If a small d-c field is applied to the gas as well, a greater number of electrons will be lost and the breakdown of the gas will depend upon t. as well as D. Breakdown measurements with and without d-c fields applied permit a determination of the ratio D/p.
I. THE BOLTZMANN EQUATION
The electron energy distribution function f can be determined with the aid of the Boltzmann transport equation which is the phase space continuity equation for electrons (2) af + C + v vf+ a v v f (1) where C is the net rate at which electrons appear in an element in phase space, v is the velocity, a the acceleration, t the time, and Vv the gradient operator in velocity space.
The distribution function may be expanded in spherical harmonics in velocity
The spherically symmetric term f0 is much larger than the higher order terms because of the disordering effect of collisions. This expansion is rapidly convergent for the cases to be considered here.
The production term C arises from collisions and may be expanded in spherical harmonics. The electric field is given by E, and an energy variable u = mv2/Ze, in electron volts, is introduced; m is the mass and e the charge of an electron. Substitution of these terms in Eq. 1 gives a scalar and a vector equation
-1- (6) where I is the electronic mean free path and M is the mass of the gas molecule. The remaining contribution to the C O term results from inelastic collisions and is given by -(h x + hi) vcf where h x and h i are efficiencies of excitation and ionization and v is used to represent v/!, the collision frequency. We assume that electrons suffering inelastic collisions have no preferred direction after collision and there is no contribution to the C 1 term.
Equations 3 and 4 now give
The electric field will be taken as E = + EAC ejt (9) E=EDC AC where EDC represents the d-c field, EAC the rms value of the a-c field and w its radian frequency. Each term in the distribution function can be expanded in a Fourier series in time
f, =f+ 2 e+...
for the steady state condition. The f 0 term will not be retained since solutions will be obtained only for those cases where the mechanisms for density and energy decay are so slow that neither density nor energy fluctuations can occur in an r-f cycle. If terms of the same frequency are grouped and the second harmonic terms dropped, the product of E with f 0 and f gives
The time independent component of Eq. 7 is now given by
The time independent and first frequency components of Eq. 8 give two equations 
II. A-C AND D-C DISTRIBUTION FUNCTIONS
Solutions will be sought for the case where the collision frequency vc can be assumed a constant. This holds particularly well for helium and hydrogen (3, 4) . The calculations to be made will consider the particular case of hydrogen for which Brode 's data (5) (for hydrogen)
We shall now consider separately the equations for the purely a-c and purely 
The substitution of
yields
Eqs. 20 and 23 become
The term iqu is of the order of magnitude of 10 u. Since this is much smaller than other terms in L, it may be dropped.
O=LDC (27)
Equations 25 and 27 demonstrate that fAC = DC when EeA is very large. This corresponds to a range of small Ee/p. In this range, however, 1 is very small as well.
From Eq. 22, we deduce that 
in Eq. 27 to give
Since q is extremely small for Ee/p large, the term in q may be dropped to give For larger Ee/P, we now can determine the ratio DC/vAC. From Eq. 39, we see that the contribution to n in any energy interval is u 1/ 2 f. This quantity (unnormalized) is plotted in Fig. 1 for Ee/p = 100 volts/cm-mm Hg for both the In a similar way it can be shown that the diffusion coefficient calculated from fDC varies less than 5 percent from that calculated from fAC' Since experimental errors in determinations of q and e are frequently larger than 10 percent, Eq. 40 may be taken as sufficiently accurate for Ee/p < 100 volts/cm-mm Hg.
-8- Even when vc is not a constant, Eq. 41 holds reasonably well. For a Druyvesteyn (7) distribution, D/> = 0. 763 u, while for a Maxwellian distribution we have again, D/> = 2/3 u, whatever the dependence of Vc on energy.
IV. THE AC-DC BREAKDOWN CONDITION
The gas in a cavity will break down when the losses of electrons to the walls of the cavity are replaced by ionization in the body of the gas. When an a-c field alone is applied, electrons are lost by diffusion. When a small d-c sweeping field is applied, electrons are lost both by diffusion and mobility. The breakdown condition can be formulated mathematically by a consideration of these processes.
The flow of electrons r is given by The only difference between the breakdown condition (48) in the ac-dc case and the pure a-c case is the substitution of a modified diffusion length ADC for the characteristic diffusion length A. It will be noted that the modified diffusion length of a cavity is smaller than the characteristic diffusion length. A cavity whose electron losses are increased by a d-c sweeping field is equivalent to a smaller cavity without a sweeping field.
V. USE OF BREAKDOWN CONDITION IN DETERMINING D/l4
2 If we divide Eq. 48 by E e , we obtain smaller than the cavity size. 
a-) 1i_
rn is calculated and plotted in Fig. 5 (it is shown as a smooth curve, since it was determined from two smooth curves); the maximum experimental error in this curve is about 20 percent. Theoretical values of ir determined from those points for which the 30 50 100 (volts/cm -mm Hq) average energy was calculated are shown. It is seen that the present data are in substantial agreement with previous data of Ayers (10) and Hale (11) .
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